Context-Patients with chronic kidney disease (CKD) experience increased rates of hospitalization and death. Depressive disorders are associated with morbidity and mortality. Whether depression contributes to poor outcomes in patients with CKD not receiving dialysis is unknown.
Depression is associated with poor cardiovascular outcomes [1] [2] [3] and is found to be prevalent in patients with chronic kidney disease (CKD), affecting up to 20% of patients even before initiation of dialysis. 4 Approximately 13% of the US adult population has CKD, and it is well recognized as an independent predictor of cardiovascular morbidity and mortality. [5] [6] [7] Moreover, those with CKD are more likely to die from cardiovascular disease than to progress to end-stage renal disease (ESRD). 8 Patients who survive to progress to ESRD experience a mortality rate of 21% in their first year of dialysis 6 compared with 0.5% for the general US population, 9 with cardiovascular disease accounting for 50% of all deaths. 6 In addition, increased hospitalizations and dialysis care for ESRD patients result in substantial health care costs, such that expenditures consumed $24 billion in 2007, approximately 6% of the entire Medicare budget. 6 Previous studies have identified depression as an independent risk factor for hospitalization and death in patients receiving maintenance dialysis. [10] [11] [12] [13] However, studies investigating the clinical outcomes of patients with earlier-stage CKD and depression prior to progression to ESRD and dialysis initiation are lacking. Because processes of care for patients with CKD are predictive of clinical outcomes in those with ESRD, better recognition of disease processes, such as depression, which portend morbidity and mortality, could lead to improved treatment outcomes for such patients. 14, 15 A cohort of patients with CKD not yet started on maintenance dialysis was prospectively studied to determine whether there was an association between a current major depressive episode (MDE), based on Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) criteria, 16 and progression to dialysis, hospitalization, or death during 1 year of follow-up.
METHODS
Patients were recruited consecutively from the Dallas VA Medical Center between May 2005 and November 2006 ( Figure 1 ). The study was approved by the VA institutional review board. Informed written consent was obtained by study personnel prior to patient enrollment. Inclusion criteria were presence of CKD (stages 2-5), defined as an estimated glomerular filtration rate (GFR) of less than 90 mL/min/1.73 m 2 for 3 months, using the 4-variable Modification of Diet in Renal Disease formula. 17 Patients with stage 2 CKD (estimated GFR of 60-89 mL/min/1.73 m 2 ) had to have other evidence manifest by either a pathological abnormality of the kidney on biopsy or markers of kidney damage present for at least 3 months. 5 Exclusion criteria were initiation of maintenance dialysis or kidney transplantation and no health care power of attorney.
Detailed methods of recruitment were previously published. 4 Prior to each clinic visit, the CKD clinic roster was reviewed to identify patients for screening. The VA electronic centralized patient record system was then searched for eligibility criteria. Due to the large numbers of patients with CKD, all eligible patients could not be approached on any 1 clinic day. Therefore, every sixth eligible patient (starting at a random number between 1 and 6 for each specific clinic day) was approached consecutively to minimize selection bias.
All patients underwent a structured interview at enrollment to ascertain the presence of an MDE using the Mini International Neuropsychiatric Interview, a widely used reliable and well-validated interview based on the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition). 18, 19 The Mini International Neuropsychiatric Interview, which takes 30 to 45 minutes to complete, was administered by 1 of 2 trained research assistants blinded to patients' medical histories. Those with a current MDE were categorized as depressed, while those without one were deemed not depressed. If a current MDE was diagnosed, both the patient and their primary care provider were informed. The patient also was offered either treatment with a selective serotonin reuptake inhibitor or an increase in dose if he or she was already receiving treatment with an antidepressant medication.
Demographic and baseline clinical data were collected from the centralized patient record system and confirmed with patients at enrollment. Race/ethnicity was recorded based on self-report and then dichotomized as black or nonblack for the Modification of Diet in Renal Disease calculation of estimated GFR. Comorbid medical illness was defined as presence of hypertension, diabetes mellitus, congestive heart failure, coronary artery disease, cerebrovascular disease, peripheral vascular disease, lung disease, liver disease, malignancy other than on skin, and infection with human immunodeficiency virus. Comorbid psychiatric illnesses other than depression ascertained by the Mini International Neuropsychiatric Interview included dysthymia, current or past manic or hypomanic episode, current panic episode, social phobia, obsessive-compulsive disorder, posttraumatic stress disorder, current psychotic disorder, generalized anxiety disorder, and anorexia or bulimia nervosa. Current or past drug or alcohol abuse collected from the centralized patient record system or the patient was coded as drug or alcohol abuse.
Patients were followed up for 1 year from MDE ascertainment. The primary outcome formulated before data collection was event-free survival defined as the composite of death, maintenance dialysis initiation, and first hospitalization. Secondary outcomes were the occurrence of each of these 3 events assessed individually. Event ascertainment was performed on the same patient by 2 adjudicators blinded to baseline MDE status. Data on death, hospitalizations, and initiation of renal replacement therapy (hemodialysis, peritoneal dialysis, or kidney transplantation) were collected at 6 and 12 months and were confirmed with the patient. Events were first determined by searching the VA centralized patient record system. Each patient was then contacted to determine whether any events had occurred outside the VA medical center; these data were collected from the discharge summary obtained from the institution where the event occurred.
Demographic and clinical data were compared between the 2 groups (with an MDE vs without an MDE) using the t test or 1-way analysis of variance for continuous variables and the χ 2 or Fisher exact test for categorical variables. The proportion of composite events was compared among groups using the χ 2 test. Time to events was estimated using Kaplan-Meier curves and compared among groups using the log-rank statistic. Censorship took place at the first event, last follow-up, or if the patient had no events at 12 months. If event date was missing, the patient was excluded from the analysis for that specific event. Cox proportional hazards models were used to explore the association of an MDE with the primary composite and each of the secondary end points. Assuming an α level of .05 and an event rate between 40% and 50% (as reported by the US Renal Data System for CKD patients 6 ), a sample size of 208 to 260 patients was needed to have 85% power to detect an 80% increase in the hazard of the composite outcome among CKD patients with an MDE compared with those without an MDE.
Independent covariates were entered into multivariable models only if clinically relevant and significantly associated with the outcome measure in univariate analyses; a retention P value of less than .05 was determined a priori. Candidate variables included age, race, employment status, drug or alcohol abuse, number of medical comorbidities (other than diabetes), diabetes mellitus, CKD stage, and serum levels of hemoglobin, albumin, phosphorus, and calcium. Chronic kidney disease stage was replaced by estimated GFR as a measure of kidney disease severity in the models with dialysis as the outcome, given there were not enough events to include the 4 categories of CKD. Complete case analysis was used when data were missing for included covariates. A sensitivity analysis was performed by entering new treatment for an MDE into the multivariable Cox model as an independent variable to investigate whether treatment was associated with a change in the composite outcome. New treatment was defined as the initiation of treatment with an antidepressant medication or increasing the dose of a previously prescribed antidepressant within 3 weeks of an MDE diagnosis. All statistical tests were 2-sided, conducted at the standard significance level of . 05, and reported using P values and 95% confidence intervals (CIs). All analyses were performed using SAS Enterprise Guide software versions 3.0 and 9.1.3 (SAS Institute Inc, Cary, North Carolina).
RESULTS
The baseline characteristics of participants and nonparticipants, such as sex, race, CKD stage, presence of diabetes, and prior depression diagnosis were similar. However, mean (SD) age was 64.5 (12.0) years among participants and 68.8 (11.0) years among nonparticipants (P=.001; 95% CI for the difference, −6.9 to −1.8 years). Two patients in this VA cohort were women and more than half of the patients were white. About half of the patients had diabetes and a fourth had a prior depression diagnosis. Among participants, the prevalences were 6.4% for CKD stage 2, 37.8% for stage 3, 41.2% for stage 4, and 14.6% for predialysis stage 5. Nonparticipants had similar prevalences for the CKD stages.
Of 267 participants, 56 had a current MDE (21%; 95% CI, 3% to 31%) and 211 did not ( Table 1 ). The MDE group was younger based on a mean (SD) age of 60.6 (11.9) years compared with the group without an MDE (mean [SD], 65.4 [11.8] years; P = .007; 95% CI for the difference, −8.3 to −1.3 years). There were no significant between-group differences in regard to race, educational level, or marital status. Patients with an MDE, however, were two-thirds less likely to be employed as those without an MDE. The median number of medical comorbidities was 4.0 (inter-quartile range, 2.0 to 5.0) among those with an MDE and 3.0 (inter-quartile range, 2.0 to 4.0) among those without an MDE. Diabetes mellitus was significantly more prevalent among those with an MDE (69.6%) compared with those without an MDE (51.9%; P=.02; 95% CI for the difference, 4% to 32%). More patients with an MDE had histories of drug or alcohol abuse and concurrent psychiatric disorders. Sixtysix percent of those with an MDE had prior depression vs 13.6% of those without an MDE (95% CI for the difference, 39% to 66%; P < .001); and 50.0% with an MDE vs 11.9% without an MDE were taking antidepressant medications (95% CI for the difference, 24% to 52%; P < .001). Twenty-three of 56 patients (41%) agreed to have a new antidepressant prescribed or the dose of their current antidepressant increased at the time of MDE diagnosis (defined as new treatment).
The only difference between groups for laboratory values was for mean (SD) serum phosphorus level, which was higher in those with an MDE (4.2 [1.1]) compared with those without an MDE (3.9 [1.0]) (P=.04; 95% CI for the difference, 0.02 to 0.63; Table 1 ). There was not a difference between groups in the proportion of patients by CKD stage.
During the 12-month observation period, 127 patients had at least 1 composite event (death, hospitalization, or maintenance dialysis initiation). More patients with an MDE had at least 1 event (60.7%) compared with those without an MDE (44.1%) (P = .03; 95% CI for the difference, 2%-31%; Table 2 ). The mean (SD) time to the composite event was 260.2 (8.1) days (95% CI, 259.2-261.2 days) overall, and was shorter for those with an MDE (206.5 [19.8] days; 95% CI, 167.7-245.3 days) compared with those without an MDE (273.3 [8.5] days; 95% CI, 256.6-290.0 days) (log-rank P =.003; Figure 2 ). Four patients were excluded from the survival analysis because the date for the first event (hospitalization in each of these cases) was missing. Of the 4 patients, 1 had an MDE and 3 did not have an MDE.
Those with an MDE had a higher risk of death, hospitalization, or maintenance dialysis initiation within 12 months of MDE diagnosis compared with those without an MDE (hazard ratio [HR], 1.82 [95% CI, 1.22-2.71]; Figure 3 ). Variables associated with the composite event in univariate analyses included younger age, white race, higher CKD stage, medical comorbidity, diabetes mellitus, drug or alcohol abuse, lower serum albumin and hemoglobin levels, and higher serum phosphorus levels (data not shown). After adjusting for these covariates, the adjusted HR for the composite outcome was not diminished and remained significant (1.86 [95% CI, 1.23-2.84]; Figure 3 ). Inclusion of new treatment for an MDE was not significantly associated with the composite outcome in the adjusted model (HR, 1.05 [95% CI, 0.48-2.30]; P=.90), and it did not significantly change the hazard of an MDE for the composite outcome (adjusted HR, 1.84; 95% CI, 1.14-2.96).
One hundred sixteen were hospitalized, 38 initiated maintenance dialysis, and 18 died ( Table 2 ). More patients with an MDE compared with those without an MDE were hospitalized (55.4% vs 40.3%, respectively, P=.04; [95% CI for the difference, 0.5% to 29.7%]), but no statistically significant differences in reasons for hospitalization could be observed (Table 2 ). More patients with an MDE were initiated on maintenance dialysis compared with those without an MDE (26.8% vs 10.9%, respectively, P=.003; [95% CI for the difference, 3.6% to 28.2%]; Table 2 ). Death occurred in 8.9% of those with an MDE and in 6.2% of those without an MDE, but this difference was not statistically significant (95% CI for the difference, −5.4% to 10.8%) ( Table 2 ).
Patients with CKD and an MDE had almost twice the risk of being hospitalized (HR, 1.85; 95% CI, 1.22-2.81), and 3 times the risk of initiating dialysis within 1 year (HR, 3.12 [95% CI, 1.62-6.01]; Figure 3 ). After controlling for demographic and clinical variables, the association of having an MDE with both hospitalization (HR, 1.90; 95% CI, 1.23-2.90) and dialysis initiation (HR, 3.51; 95% CI, 1.77-6.97) remained significant ( Figure 3 ). The HR of death for patients with an MDE was 1.53 (95% CI, 0.55-4.30).
COMMENT
The new finding in this prospective study of consecutively enrolled patients with CKD is that the presence of an MDE ascertained by an interview based on the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) 16 predicts progression to maintenance dialysis, hospitalization, or death within 1 year of depression diagnosis. This is the first report, to our knowledge, of such an association in CKD patients prior to maintenance dialysis initiation. Patients with CKD and an MDE were twice as likely to be admitted to the hospital and more than 3 times as likely to progress to ESRD and maintenance dialysis initiation as patients without an MDE. This increased risk was robust and independent of age, race, and presence of diabetes or other medical comorbidities, and remained significant even after controlling for other markers of disease progression such as CKD stage, serum levels of hemoglobin, albumin, and phosphorus.
Most [10] [11] [12] [13] [20] [21] [22] [23] [24] [25] [26] [27] but not all 28, 29 of the studies of ESRD patients receiving maintenance dialysis reported an association between depressive symptoms and poor outcomes. Study limitations included small samples, retrospective design, selection bias, lack of control for comorbidity, [11] [12] [13] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] and depression ascertainment using self-report measures. 12, 13, 20, 22, 29 Such measures may misclassify loss of energy, sleep disturbance, and poor appetite as symptoms of depression in those with advanced CKD. [30] [31] [32] We previously validated the use of easily administered self-report scales, such as the Beck Depression Inventory and the 16-item Quick Inventory of Depressive Symptomatology Self-Report, in this same cohort of pre-dialysis CKD patients compared with the Mini International Neuropsychiatric Interview for depression screening. 33 In the present study, diagnosis of an MDE was ascertained blindly using a psychiatric interview based on the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition), 16 not self-report of depressive symptoms. Finally, we studied CKD patients with earlier stages of disease, prior to ESRD. Twenty-six million individuals in the United States have CKD and millions more are at increased risk, 34 whereas about half a million are affected by ESRD. 35 A key question is whether depression itself has a direct mechanistic role in the development of morbidity and mortality in CKD or whether depressive symptoms are merely a surrogate marker for comorbidity and cardiovascular disease severity. 10 We found that inclusion of comorbidity and other risk factors does not attenuate the association between depression and poor outcomes.
Plausible mechanisms to explain this association include nonadherence to medical advice, such as to diet and fluid intake as observed in hemodialysis patients with increased depressive symptoms. [36] [37] [38] [39] Decreased behavioral adherence is consequently associated with decreased survival. 40 A recent large study 41 reported increased depressive symptoms in patients being treated for diabetes. In our study, a significantly higher number of patients with an MDE had diabetes compared with those without an MDE. Those with diabetes and depression may develop progressive nephropathy due to nonadherence and are at a higher risk for hospitalization and death due to diabetic complications. Other mechanisms may include poor nutrition, lack of social support, increased inflammation, and compromised immunity. [42] [43] [44] [45] [46] Altered serotonin levels observed in depressed patients with ensuing platelet activation leading to coronary events has also been proposed. 47, 48 Treatment of depression with a selective serotonin reuptake inhibitor compared with placebo after diagnosis of an acute coronary syndrome was associated with reductions in platelet activation and a trend toward improved cardiovascular outcomes in the Sertraline Antidepressant Heart Attack Randomized Trial. [47] [48] [49] Our study has several limitations. First, patients were primarily male veterans, which may limit generalizability to the US population with CKD. However, studies of ESRD patients that included a large proportion of women have demonstrated a similar relationship between depression and outcomes. 10, 12, 13, 50 Second, given that the Modification of Diet in Renal Disease estimating equation for GFR is imprecise above the range in which it was derived, 17 it is possible that those with an estimated GFR greater than 60 mL/min/1.73 m 2 may have been mis-classified as having CKD. To minimize this bias, patients with an estimated GFR of 60 to 89 mL/min/1.73 m 2 included in our analysis were required to also have other evidence of kidney disease manifest by either pathological abnormalities on kidney biopsy or other markers of kidney damage present for at least 3 months. 5 A third but unavoidable limitation is the exclusion of those who refused participation. In addition, patients with more advanced CKD or other conditions prompting more frequent physician visits would be more likely to be recruited. We tried to minimize these potential biases by approaching patients consecutively for enrollment. Baseline characteristics of participants and nonparticipants were similar except that participants were younger. Because worse outcomes were found in patients with an MDE, who were also younger than patients without an MDE, it is unlikely that the inclusion of older nonparticipants would have biased the results toward the null. Another limitation is that the time-varying covariates were not adjusted for, although, survival models did control for baseline variables. Finally, the statistically significant associations between the presence of an MDE and poor outcomes was primarily due to increased rates of hospitalizations and dialysis initiation, and the event rate may have been too small to detect a significant association between having an MDE and death if one did exist.
CONCLUSION
In conclusion, the presence of a current MDE was associated with progression to maintenance dialysis, hospitalization, or death in CKD patients, independent of comorbidities and kidney disease severity. The US Agency for Healthcare Research and Quality's US Preventive Services Task Force recommends screening for depression if practices "have systems in place to assure accurate diagnosis, effective treatment, and follow-up." 51 Our findings support the need for randomized controlled trials to investigate the safety and efficacy of antidepressant treatments in this vulnerable population, and to establish whether a positive effect on depression will improve renal outcomes and quality of life. 
Survival Curves for Outcome Measures
The composite event is defined as death, hospitalization, or maintenance dialysis initiation. Four patients with missing dates of hospitalization were excluded from the composite event and hospitalization models. One patient with missing event date was excluded from the dialysis model. Adjusted Risks of Events Associated With Major Depressive Episode CI indicates confidence interval; CKD, chronic kidney disease; GFR, glomerular filtration rate. d Indicates presence of 4 or more medical comorbidities in addition to chronic kidney disease.
e Indicates at least 1 psychiatric illness other than depression or drug or alcohol abuse.
f As documented in the medical records. Table 2 Events by Depression Status c Indicates any hospitalization due to acute myocardial infarction, congestive heart failure, or stroke.
d P value for trend based on the Fisher exact test. e P value based on the Fisher exact test.
